Introduction {#sec0005}
============

Hip fractures account for around 20% of the surgical fractures seen at orthopedic trauma units and generate significant annual cost in any healthcare system. Femoral neck fractures account for approximately 50% of all fractures of the hip region. They mainly affect elderly people and are uncommon among individuals under the age of 60 years.[@bib0005]

The World Health Organization has predicted that the incidence of osteoporotic fractures of the proximal femur will triple by 2050.[@bib0010] In the population under the age of 65 years, the incidence of femoral neck fractures is 2--4 cases per 10,000 inhabitants. However, the incidence is much higher in the population over the age of 70 years: 28/10,000 among men and 64/10,000 among women.[@bib0015], [@bib0020]

Among young adults, fractures in the hip region are generally uncommon. However, because of high-energy accidents involving sports practices and traffic accidents, this incidence has been increasing. The pattern of this type of fracture frequently has a vertical line with unstable characteristics, classified as Pauwels [III]{.smallcaps}. This classification correlates the prognosis with the angle of the fracture plane: as the angle increases, the instability of the fracture also increases and the complications relating to its fixation and consolidation worsen.[@bib0005]

The treatment for femoral neck fractures varies according to the patient\'s age and the fracture pattern.[@bib0025] In young patients, osteosynthesis should always be prioritized, while in older patients, arthroplasty should be cogitated. For middle-aged patients (40--65 years), the indication should be defined individually.[@bib0030]

For femoral neck fractures without displacement, rigid fixation with early mobility for the patients is the standard treatment. Multiple cannulated screws (MCS) or the Dynamic Hip System (DHS) is commonly used in the treatment.[@bib0025]

Failure of fixation and pseudarthrosis are the main forms of complication following fixation of femoral neck fractures, with or without displacement. Pseudarthrosis occurs more commonly and affects between 3.1% and 8.8% of the cases, with a mean of around 6%.[@bib0005]

In the light of the situation described above, we proposed to conduct a statistical analysis in order to evaluate the mechanical resistance of the fixation of femoral neck fractures classified as Pauwels III, in which the DHS and antirotational screws were used in synthetic bones, in comparison with a control group.

Material and methods {#sec0010}
====================

Ten synthetic bones for the proximal third of the femur were used. These were from a Brazilian manufacturer (model C1010) and were made of rigid polyurethane for the cortical layer and trabeculated material for the spongy layer. The samples were divided into two groups: control and test**.**

All the samples of the test group were previously drilled for the initial placement of the implant under fluoroscopic guidance before the osteotomy, in order to facilitate anatomical reduction and ideal positioning for the implant. The osteotomies of the test group were performed using a prefabricated template so that there would not be any angular difference between them and in order to simulate a femoral neck fracture of Pauwels III type that would be the same in all the bones.

The fixations of the five bones of the test group were performed one by one using the DHS, with three holes and a guide of 135°. The reference point established for placing the 90 mm sliding screw was 2 cm distally to the lesser trochanter, at the center of the lateral diaphysis. The plate was fixed to the femoral diaphysis using three 4.5 mm cortical screws. Lastly, the system was locked using a cotterpin, which provided compression to the focus of the osteotomy. An antirotational screw was then placed by hand, positioned parallel to and above the sliding screw. To check for correct positioning, fluoroscopy in anteroposterior and lateral views was used during each stage of the procedure. After the procedure, all the bones in the test group ([Fig. 1](#fig0005){ref-type="fig"}) were subjected to radiography to evaluate the reduction and whether the synthesis was well positioned ([Fig. 2](#fig0010){ref-type="fig"}).

The other five bones were used without interference with their integrity and were identified as the control group. In this manner, they simulated the maximum resistance load of the femoral neck of intact synthetic bone. Thus, they defined the gold standard for resistance prior to the occurrence of the fracture and the comparison parameter for the need for resistance in the synthesis method used in the test group ([Fig. 3](#fig0015){ref-type="fig"}A and B).

Test group {#sec0015}
----------

The fixed synthetic femurs were 200 mm in length and were positioned vertically with an inclination of 25° of valgus ([Fig. 4](#fig0020){ref-type="fig"}A). The load application system transmitted the force on the apex of the femoral head and determined the force applied and load at the time of failure. The analysis on the mechanical test on this group was divided into two phases:

Phase 1: resistance of the fixation with 5 mm of displacement ([Fig. 4](#fig0020){ref-type="fig"}B).

Phase 2: resistance of the fixation with 10 mm of displacement, which was taken to be failure of the osteosynthesis ([Fig. 4](#fig0020){ref-type="fig"}C).

During phase 1, the rotational displacements of the femoral neck were also evaluated ([Fig. 5](#fig0025){ref-type="fig"}).

The format of this test sought to concentrate the force applied on the focus of the osteotomy, in order to make a more appropriate analysis on the resistance of the synthesis assembly.

Control group {#sec0020}
-------------

The non-fixed synthetic femurs were 125 mm in length and were positioned vertically, with neutral inclination. The load application system transmitted the force at the apex of the femoral head and this was applied until the femoral neck fractured ([Fig. 3](#fig0015){ref-type="fig"}), in order to simulate the maximum pre-fracture resistance.

A load application velocity of 20 mm/min was used, in the Materials Testing System (MTS) machine (model 810 -- FlexTest 40) with a capacity of 100 kN. In the test, a calibrated and measured load cell of capacity 10 kN was used. An axial force was applied to the femoral head by means of fitting it to the surface of the piston of the equipment ([Fig. 6](#fig0030){ref-type="fig"}).

Statistical analysis {#sec0025}
--------------------

The statistical method for comparing the maximum force (N) between the groups was the Mann--Whitney test. A nonparametric method was used because the maximum force did not present normal distribution (Gaussian distribution), due to the small number of samples analyzed in each group.

The criterion used for determining significance was the level of 5%. The statistical analysis was processed using the SAS 6.11 software (SAS Institute, Inc., Cary, North Carolina, USA).

Results {#sec0030}
=======

Test group {#sec0035}
----------

The load values in Newtons (N) that were applied until displacement of the fracture by 5 mm were: 1512, 1439, 1205, 1251 and 1273, respectively, for samples 1--5. The mean value was 1336 N, with a standard deviation of 132 N ([Table 1](#tbl0005){ref-type="table"}, [Fig. 7](#fig0035){ref-type="fig"}).

The maximum load values in Newtons that were applied until displacement of the fracture by 10 mm were: 2064, 1895, 1682, 1713 and 1354, respectively, for samples 1--5. The mean value was 1742 N, with a standard deviation of 265 N ([Table 1](#tbl0005){ref-type="table"}, [Fig. 7](#fig0035){ref-type="fig"}).

The rotational displacement values for the five samples in degrees, after phase 1, were: 4.90°, 3.27°, 2.62°, 0.66° and 0.66°, respectively. The mean was 2.42° and the standard deviation was 1.81° ([Table 1](#tbl0005){ref-type="table"}).

Control group {#sec0040}
-------------

The maximum load values in Newtons in the five samples of the control group were, respectively, 1544, 1110, 1359, 1194 and 1437. The mean value was 1329 N and the standard deviation was 177 N ([Table 2](#tbl0010){ref-type="table"}, [Fig. 8](#fig0040){ref-type="fig"}).

According to the Mann--Whitney test, it was observed that the test group presented a maximum force at 10 mm of displacement that was significantly greater than that of the control group (*p* = 0.047), as shown in [Fig. 9](#fig0045){ref-type="fig"}.

Discussion {#sec0045}
==========

The ideal surgical fixation for femoral neck fractures should be capable of resisting weight-bearing forces and restricting movement throughout the fracture site during the bone healing process, so as to allow rapid and secure recovery for the patient and a return to activities of daily living. Secure fixation also reduces the high rates of complications relating to treatments for this type of fracture.[@bib0035]

During daily activities, the load on the femoral head alternates anteriorly and posteriorly and causes varus forces. In the presence of fractures this load causes vertical shearing. The force applied to the head of the femoral neck depends on the patient\'s weight and on the activity carried out. These parameters are fundamental for evaluating the resistance of the implant in cases of femoral neck fracture. In our study, we used an axial force of 1400 N as the force applied to the hip of an individual weighing 70 kg who is standing on one leg.[@bib0040] The values obtained in these tests using the DHS and antirotational screws, with 5 mm of displacement, reached a mean load of 1336 N and a mean rotational displacement of 2.42°. However, this osteosynthesis withstood a mean maximum load of 1742 N before failure, with 10 mm of displacement. This value was significantly higher (*p* = 0.047) than the load withstood by an intact synthetic femur (control group), which withstood a mean of 1329 N.

Stiasny et al. conducted a study that compared the surgical results from 112 patients who were treated using MCS, DHS or DHS plus antirotational screws. They concluded that comparable results could be obtained through using MCS or DHS for surgical treatment of stable fractures of the femoral neck (Garden types 1 and 2). In cases of unstable fractures of the femoral neck (Garden types 3 and 4), good results from the treatment depend on good reduction and stabilization of the fracture, which can be achieved through using the DHS. In these patients, with fractures of Garden types 3 and 4, the likelihood of obtaining good results through using the DHS was three times greater than in those who underwent fixation using MCS. In the evaluation on the use of antirotational screws, it was concluded that their use in addition to the DHS prolonged the duration of the surgery, increased the blood loss and did not improve the biomechanics of the femoral neck fixation.[@bib0045]

In a study on cadaver bones, Blair et al. compared the resistance of basicervical fracture fixation using MCS, DHS or DHS plus antirotational screws and reached mean values for resistance to axial loading of 1736 ± 494 N for MCS, 2880 ± 679 N for DHS and 2903 ± 598 N for DHS plus antirotational screws. They concluded that the DHS was biomechanically superior to MCS for treating femoral neck fractures at the base of the neck. Moreover, they observed that although a spongy screw located superiorly would be able to control rotation during the insertion of the sliding screw of the hip, it would not provide additional fixation after placement of this sliding screw.[@bib0050]

Biomechanical tests on implants perform a vital role in evaluating any new implant technology.[@bib0055] It is difficult and may be extremely expensive to obtain fresh cadaveric bone that is free from diseases, for use in mechanical tests on orthopedic implants.[@bib0060] Another problem is that cadaver samples are not uniform, which results in inclusion of samples with bone quality and strength that is very variable.[@bib0065], [@bib0070] Differences in age and degree of osteoporosis among specimens from cadavers may also partially influence the variability of the mechanical properties.[@bib0075], [@bib0080] This variability in geometric and material properties of cadaver specimens frequently requires prohibitively large sample sizes, in order to detect statistically significant differences in implant performance.[@bib0085]

We recognize the limitations of our study. Use of synthetic bones instead of bones from cadavers does not correctly translate the anatomy of the femoral trabeculae and the forces that they can withstand. We did not simulate all the physiological components of the force (cyclical, torsional and axial) to which the hip is subjected during the processes of walking or muscle contraction alone. Directional force vectors may have resulted in changes to the load values and consequently changes to the stabilization of the implant. An axial load in a single direction does not simulate the complex load system that is applied to the hip while walking, given that the torsional forces and the orientation of the vectors change during hip movements. However, the insufficiencies of the present study probably give rise to quantitative differences (i.e. regarding the level of force applied), rather than qualitative differences.

Synthetic bones were chosen to ensure comparable biomechanical properties between the groups and eliminate certain variables.[@bib0065] Thus, we removed possible variations inherent to human bones that would cause difficulty in evaluating the methodology of fixation because of their non-uniform characteristics (bone density, diameter and length).

We believe that the principle of osteosynthesis for treating femoral neck fractures requires methodology that provides absolute stability and that it is improved when performed in a minimally invasive manner. Although the DHS does not include the principle of absolute stability, with or without antirotational screws, it presents surprisingly favorable results.[@bib0045], [@bib0050] This may contribute towards a less pessimistic prognosis in treating unstable fractures of the femoral neck.

We suggest that new studies should be conducted. These could make use of the present results to develop new implants that would respect the need for absolute stability and could be implemented in a minimally invasive manner.

Conclusion {#sec0050}
==========

The analysis showed that the mechanical resistance of the test group was significantly greater than that of the control group and established the possibility that the DHS and antirotational screws can be used for osteosynthesis of femoral neck fractures, especially those of Pauwels type [III]{.smallcaps}.
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![(A) Control in the machine before the test. (B) Control after the test, showing failure.](gr3){#fig0015}
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###### 

Load values in N with 5 mm of displacement, maximum load values and rotational displacement, in the test group.

  Sample               Load with 5 mm of displacement (N)   Maximum load (N)   Rotation (degrees)
  -------------------- ------------------------------------ ------------------ --------------------
  1                    1512                                 2064               4.9
  2                    1439                                 1895               3.27
  3                    1205                                 1682               2.62
  4                    1251                                 1713               0.66
  5                    1273                                 1354               0.66
  Mean                 1336                                 1742               2.42
  Standard deviation   132                                  265                1.81

###### 

Maximum load values in N in the control group.

  Sample               Maximum load (N)
  -------------------- ------------------
  1                    1544
  2                    1110
  3                    1359
  4                    1194
  5                    1437
  Mean                 1329
  Standard deviation   177
